Introduction
To understand the phase behavior of fluid mixtures, it is necessary to utilize a reliable method for calculating spinodals and critical points. Most published work has been limited to binaries; only a few studies have investigated ternaries. The phase-behavior classification widely adopted at present is due to van Konynenburg and Scott [1, 2] . They showed that the van der Waals equation, when applied to binary mixtures, predicted almost all observed types of phase behavior except type VI. Each of types I to V occupies a certain region in a twodimensional global phase diagram where intermolecular interaction parameters are axes.
Van Konynenburg and Scott have inspired the systematic study of phase behavior by various equations of state. Furman et al [3, 4] studied the symmetric ternary lattice gas and the van der Waals lattice gas, and located some new types of phase behavior. Mazur [5] 
used
Ree's equation to study Lennard-Jones fluids and to calculate the phase behavior of types VI and VII. Deiters and Pegg [6] used the Redlich-Kwong equation while Kraska and Deiters [7] used the Carnahan-Starling-Redlich-Kwong equation to calculate global phase diagrams. Pelt et al [8] adopted a simplified perturbed hard-chain equation; they were able to identify LIp to ten types. Nezebeda et al [9] [10] [11] [12] [13] [14] For spinodals and critical points, we need stability criteria. For lattice models or their modifications, the stability criteria were successfully established for systems containing continuous components [18] [19] [20] [21] [22] . However, for equations of state, we remain at a beginning stage. Following Cotterman and Prausnitz [23] , Kehlen et al [24] used a variation method while Hu and Ying [25] used a discrete-components method to establish the necessary stability criteria for systems containing one homologous series whose properties are described by an equations of state. Later, Hu and Prausnitz [26] developed comprehensive stability criteria for systems containing an arbitrary number of discrete components and an arbitrary number of homologous series for both the lattice and the equations-of-state models. Using a discrete-components method, they introduced two theorems that can simplify the derivation of stability criteria for continuous systems. That work laid the foundation of calculations for critical properties of polydisperse fluid mixtures; however, no numerical illustrations were provided. Recently, Browarzik and Kehlen [27] obtained the stability criteria for systems containing one discrete component and one continuous homologous series using a variation method without performing stability tests; only a few numerical results are presented and these appear to be restricted to type I.
This work also concerns the critical properties for polydisperse systems containing one discrete component and one continuous homologous series but, unlike Browarzik and Kehlen, stability tests are included. Based on our previous work [26] , the derivation of stability criteria is reconsidered to yield new expressions that are both simpler and in a more reasonable form. Stability tests for discrete multicomponent systems based on Heidemann's work [28] are here applied to a continuous system. The important results of this work are relations that give the transition between various types of phase behavior, mainly types I to V.
While the illustrative calculations reported here use the van der Waals equation of state, any other equation of state could be used to reduce our general results to practice. 3 
Theoretical Framework
We consider a system that contains one solvent and one polydisperse homologue (a homologous series); the latter has K-I components where K approaches infinity. The molar Helmholtz function of the system can be expressed by 
where x andM are the total mole fraction and the average molar mass of the homologue, respectively:
Eq.(4) can be extended to include any arbitrary-order moment of molar mass.
Spinodal Criterion
As shown previously [26] , on the spinodal surface, the 2nd-order variation of the molar Helmholtz function can be expressed by 
where
From our previous work [26] , we have the following two relations:
(8)
Substituting eq. (5) into eqs. (9) and (10), multiplying eq. (10) by Xi and xjMj , respectively, summing all these equations from i = 1 to K -1, and utilizing the conditions set by eqs. ( 6) and (7), we obtain a homogeneous linear system of equations,
The sufficient and necessary condition for which the system of equations has a nontrivial solution is:
This is the spinodal criterion equivalent to our previous result [26] .
Eq.(12) can be expressed in another way: (13) reduces to the spinodal criterion for a binary mixture [24] .
In that case, the total derivative (e. g. eq. (15)) reduces to the derivative with respect to mole fraction.
We write eq(I3) in a more concise form:
where Fs~iS is the determinant in the right-hand side of eq.(13). The critical criterion can be obtained from the variation of the spinodal equation, i.e., eq.(12) or (13) or (16) 
Critical Criterion
Dividing by 0 V m , we have (18) Ratios between Ox , 8xM and 0 Vm can be obtained from equation (11) . After some algebra, we have the following three equations:
From these three equations, we can have three different pairs of solutions for ox 10 Vm and 8xM 10V;n. In our previous work [26] , we arbitrarily chose one of them to show the derivation procedure. However, to obtain reasonable results, the choice is crucial. Only one solution pair can be used.
To select the correct pair, we use the criterion that, when the Dirac 0 function is used as a distribution function, i.e., when the mixture is a binary, the critical criterion derived should reduce to that for binaries. Only one ,pair can meet this boundary condition. The other pairs cannot recover the binary limit.
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For the ratio 3xM 2 loV rn , multiplying eq.(10) byx;M;2, summing from i = 1 to K-1 and utilizing eq. (7), we have:
where '7= M3 -M2 M. Substituting eqs. (20), (21) into eq. (22), we obtain for the ratio (23) Now we have all the necessary ratios. Substituting eqs. (20), (21) and (23) into eq. (18), we obtain the critical criterion:
8V axM ax (24) Similar to the spinodal criterion eq. (13) (24) then reduces to the critical criterion for a binary mixture.
Stability Test
The roots of eqs. (13) and (24) are not necessarily the critical points of the system. To locate critical points, three stability criteria must also be satisfied [28] .
(1) Mechanical stability: 
Illustrative Results Using the van der Waals Equation
Our goal is to examine the influence of polydispersity on critical properties of multicomponent mixtures. For simplicity, we adopt the van de Waals equation of state:
where Vm is the molar volume of the mixture and a and b depend on composition. The corresponding molar Helmholtz function is: • To relate van der Waa(s "constants" a and b to composition, we follow the procedure of Cotterman and Prausnitz [23] . Assuming that binary interaction parameters 10 kd between solvent and homologue are constant and those between various components of the homologue are zero, the composition dependences of van der Waals parameters a and b are:
where a K and b K are van der Waals parameters for pure component K while a(l) and b(l) are van der Waals parameters for the homologue:
where dO), dl), b(O) and h(l) are selected in a manner similar to that described by Cotterman and
Prausnitz [23] . Substituting eqs. (35) and (36) into eqs. (33) and (34), we have
The derivatives of a and b with respect tox and xM are shown below. The unlisted higher-order derivatives are equal to zero.
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Numerical Results
We use the numerical algorithm based on a one-dimensional search suggested by Hicks and Young [29] for obtaining the roots. The stability test is performed soon after obtaining the roots of eqs.(l3) and (24) . Discontinuity of the critical loci is a result of stability testing. In Next we fix the average molar mass of the homologue, M =96 g·mol-l , and change the variance. Fig. 2 shows critical loci for a binary with Ji(2) =0. The critical loci are separated into three branches indicating typical type IV phase behavior; C is the critical point of pure component K. Fig. 3 shows the influence of increasing variance. To show our results more clearly, we enlarge the region near point C. Fig. 3 shows that, upon increasing the variance from Ji (2) =0 to 35 to 80 g2'mo r 2 , phase behavior transforms from type IV to type III. Fig. 5 shows the distribution function for the homologue corresponding to Fig. 3 . Ji(2)=800 g2·mor 2 (Ji(2)=347 g2· mor 2 in Fig.1 ) and kd=-0.1267 (-0 .1067 in Fig. 1 ). Fig. 7 shows that when the average molar mass increases from M =72 to 96, 104 and 112g·mor l , the phase behavior transforms from type II to type IV, then to type III. Fig. 8 shows the corresponding distribution functions for the continuous component.
Transition between Type I and Type V 13
It is well known that phase behavior of types I and V is similar to that of types II and IV except that in the former, there is no VCST curve. Figure 9 shows the transition from type I to type V with increase of the variance while keeping the average molar mass of the homologue unchanged, M =96g·mor Fig. 10 shows an enlargement of the region near the critical point of pure solvent C. Fig.10 shows how a continuous locus (type I) splits into two branches (type V) when the variance increases from P(2) =0 to 100, 147 and 600g 2 ·mor2.
Conclusions
We have presented a preliminary survey regarding the influence of the distribution function of a continuous component on the phase behavior of polydisperse fluid mixtures.
Although our previous work established the foundation for derivation of expressions for spinodal and critical criteria, primary attention here has been given to calculation of critical properties. Special attention must be paid to the choice of reasonable expressions for ratios between variations 8x, 8xM and 8 V.n . Our essential criterion for this choice is that the expressions must reduce to the correct expression for a binary when a Dirac 8 function is used for the distribution function for the composition of the homologue. 29
